Au cours de la dernière décennie, on a effectué un grand nombre d'essais de tirants d'ancrage à Hannovre (Allemagne Fédérale). La communication décrit l'interprétation des observations recueillies par application des méthodes statistiques et propose deux équations pour la capacité portante des tirants d'ancrage: l'une pour les sols pulvérulents et l'autre pour les sols cohérents. SUMMARY ln the last decade a great number of fundamental and suitability tests of ground anchors have been performed in Hannover, GRF. These tests have been supervised by the {( Institut für Grundbau und Bodenmechanik, Technische Universitat Hannover», which also performed the laboratory soil investigations . This contribution describes the evaluation of the gathered observations by application of statistical methods. The result of these investigations is the proposai of two equations to estimate the carrying capacity of ground anchors, one for anchors in non-cohesive soil and the other for anchors in cohesive soil.
INTRODUCTION
AlI equations estimating the carrying capacity of ground anchors published till now have been developed on the basis of theoretical considerations or model tests. I<nowing these' equations and taking. into consideration the experience gained at site, it must be stated that the carrying capacity depends on a multitude of influencefactors, which can be classified into the following groups:
-dimensions and construction specification of ground anchors; -soil characteristics; -state of stress acting on the grouted body of ground anchors.
1t can be supposed that there is no functional relation between the carrying capacity and each of the influencefactors, but only a stochastic relation. In natural science and in many branches of technology correlation and regression analysis are used to examine stochastic relations. Regression is a method for getting the best formula relating a dependent variable to inde-pendent variables and to determine the constants in this formula by minimizing the sum of squared deviations of observations from the regression equation. The regression equation can be a straight line (1inear regression) or a curved line (nonlinear regression) and if there are more than one independent variable (simple regression) it is called multiple regression.
The interdependence between the variables is measur-.ed by the correlation coefficient. The simple correlation coefficient shows how much two variables are associated. 1t varies between + 1.0 (perfect correlation) through 0 (no association). to -1.0 (perfect inverse correlation). The multiple' correlation coefficient is a measurement for the association between a dependent variable and two or more independent variables. It varies between 0 (no correlation) to 1.0 (perfect correlation). The partial correlation coefficient measures the association between a dependent variable and only one independent variable, when the other independent variables are held constant. 1t is also measured in the range + 1.0 to -1.0.
LIST Of SYMBOLS
The following notations are used in this paper: 
IN·FLUENCES ON THE CARRYING CAPACITY
The results of about 130 fundamental and suitability tests w:ere the basis of the following investigations. Gnly in sorne cases could the breaking load of the tested grounâ anchors be measured and therefore it was necessary to estimate the maximum load. By evaluating the stress-strain curves from the tests as proposed by T.F. Herbst (1971) and H. Grade (1974) the real placing bond-to-ground length could be found out. U sing these determined bond-to-ground lengths the following maximum loads could be estimated: for anchors in non-cohesive soil according to H. Grade (1974) The influence of the following factors on the carrying capacity was taken into consideration: a) from the dimensions and construction specification of the anchors: -bond-to-ground length; -superficies of the bond-to-ground length; -inclination of the anchors; -maximum injection pressure; b) from soil characteristics of non-cohesive soil: grain size distribution; -uniformity coefficient; -effective diameter; -coefficient of permeability; c) from soil characteristics of cohesive soil: -grain size distribution; -natural water content; -consistency limits; -lime content; normal stress; -shear stress; both estimated by different formulas.
The aim of these investigations was to find answers to the following questions: 1) Which factors can have an influence on the carrying capacity? 2) How intense is the dependence of the carrying capacity on individual factors? 3) What are the direct associations between the carrying capacity and the influencing factors? This paper deals only with temporary anchors as sho:vn in fig. 1 .
CORRELATION-AND REGRESSION ANALYSIS Of GROUND

AN CHORS IN NON",COHESIVE SOIL
't== with FM == 1t • dA . la and not adequately reveal the relative effect of the independent variables on the dependent variable because of differences in the units. The importance of the independent variables can be measured by the relative importance-factor of variables B. 1t can be stated that the dependent variable is influenced more by the independent variable with a larger' relative important factor.
The follow,ing table shows the reiative importancefactors of the variables in formula (1):
This -investigation shows that the whole grain size curve is v,~ry important for the carrying capacity, while~he separate grain size groups have only a negligible influence.
As a result of a great number of calculations, the following equation to estimate the carrying capacity of ground anchors in non-cohesive soil is proposed:
The correlation analysis yielded a multiple corre N lation coefficient equals 0.96 and the following values for the constants of formula (2) To know,n the influence of other soil characteristics the coefficient of permeability in the formula (1) has been exchanged for other factors. The following correlation coefficients have been computed:
By using the regression analysis, the constants of the formula (1) were determined. But these constants do
The test results of 51 ground anchors were taken into consideration. Using the linear multiple regression and taking 8 influence-factors in each case multiple correlation coefficients between 0.83 and 0.97 were measured. The formula yielding the highest value included the following 8 independent variables:
To determine the degree of association between the carrying capacity and only one of the 8 influencefactors of formula (1), partial correlation coefficients have been computed.
Comparatively the superficies of the bond-to-ground length FM has been exchanged f?r the bond-~o-ground length la. The results are shown ln the followlng table: 0.98 m 2 7.40 cm 4.10m. 
CORRELATION-AND REGRESSION ANAlYSIS Of GROUND ANCHORS IN COHESIVE SOll
Exchanging the consistency < index le. in the formuia (3), the influence of other soil characteristics on the carrying capacity has been computed as follows:
Subsequently the constants of formula (3) and the relative importance factors of the independent variables have been computed as already described above. The results indicate that the carrying capacity is most influenced by the superficies of the bond-to-ground length and by the consistency index.
Taking the results of these investigations as a basis, it can be proposed to estimate the carrying capacity of ground anchors in cohesive soil by the fàllowing equation: The test results of 57 ground anchors have been investigated. Using the linear multiple regression and taking 9 influence-factors into consideration in each case multiple correlation coefficients between 0.97 and 0.98 have been computed. The formula (3) yielded the highest value.
The following table contains the multiple, simple and partial correlation coefficients of the above formula, in which the superficies of the bond-to-ground length FM has been exchanged again for the bond-to-ground length 1 0 :
The multiple correlation coefficï'ent for this equation was 0.98 and the following values for the constants have been calculated: Estimating the carrying capacity of ground anchors in cohesive soil by using formula (4), the grain size curve must be within the boundaries of fig. 3 and the values of the influence-factors are not allowed to exceed the following limits: 0.98 m 2~F M::; 6.48 m 2 6.50 cm :::; dA::; 16.80 cm 4.10 m~1 
CONCLU51·0N5
The evaluation of the test results of 51 ground anchors in non-cohesive as well as 57 ground anchors in cohesive soil by using the correlation and regression analysis shows the influence of ground anchor dimensions, soil characteristics and the shear stresses acting on the grouted b9dy on the carrying capacity of ground anchors. On the basis of these investigations two equations to estimate the carrying capacity are proposed, one for ground anchors in non-cohesive soil and the other one for ground anchors in cohesive sail. The constants of these equations, including 7 patameters in each case, have been determined by means of the linear multiple regression analysis.
Both· equations include the grain size distribution of the soil classified in 4 fractions, the superficies of the bond-to-ground length and the shear stress acting on the superficies. of the bond-to-ground length. Another parameter in the formula for ground anchors in non- cohesive soil is the coefficient of permeability, whereas in the formula for ground anchors in cohesive soil the consistency index appears. Furthermore the unit weight, the angle of friction and the cohesion of cohesive soil appear in both equations. Estimating with the proposed equations the carrying capacity of the ground anchors used in the regression analysis, it is found that about 90 percent of the ground anchors have only differences of less than 60 kN from the loads estimated by evaluating the stress-strain curves from the tests as shown in fig. 4 and 5.
ln spite' of the good correlation demonstrated in fig. 4 and 5 it must be stated that it is not possible to abandon the acceptance test of each ground anchor at site due to stratifaction and nonhomogeneity of soil. Furthermore there is no possibility to take the different placing methods into consideration.
The advantage of the proposed equations based on performed tests at site is that reliable loads can be estimated already during the stage of design without special expenditures. or time delay.
